The first arylation of allylic and benzylic alcohols with diaryliodonium salts is reported. The reaction yields alkyl aryl ethers under mild and metal-free conditions. Phenols are arylated to diaryl ethers in good to excellent yields. The reaction employs diaryliodonium salts and sodium hydroxide in water at low temperature, and excess amounts of the coupling partners are avoided.
Aryl ethers are important structural motifs in many natural products and drugs, and heteroatom arylation and alkylation ranks as the most common transformation in the synthesis of drug candidates.
1 Consequently, there are many synthetic routes to this compound class, ranging from the classical Ullmann coupling to recent copper-and palladium-catalyzed coupling reactions employing alcohols and aryl halides or arylboronic acids. 2 Metalcatalyzed reactions are often high-yielding, but generally suffer from the need for expensive catalysts, ligands, high temperatures and long reaction times. 3 Metal-free syntheses of aryl ethers from alcohols include the Williamson ether synthesis, 4 S N Ar reactions with electron-deficient aryl fluorides, 5 and reactions with Mitsunobu type reagents. 6 aryl mesylates, 7 or benzyne intermediates. 8 These reactions are either performed at high temperature, require toxic reagents or have a limited substrate scope. 9 A metal-free O-alkylation of naphthols under acidic conditions was recently reported, which addressed some of the environmental issues usually associated with ether formation. 10 We have recently reported an efficient and metal-free synthesis of diaryl ethers by arylation of phenols with diaryliodonium salts at room temperature. 11 The arylation of aliphatic alcohols with these reagents was briefly reported some decades ago, 12 but a synthetically useful method is still lacking. A recent copper-catalyzed monoarylation of vicinal diols with diaryliodonium salts was inefficient for regular alcohols. 13 The lack of a general, metal-free arylation methodology for aliphatic alcohols under mild and environmentally benign conditions prompted us to develop an arylation reaction with diaryliodonium salts, which are stable hypervalent iodine reagents of low toxicity. 14, 15 Herein our preliminary results are disclosed.
An initial screening revealed that conjugated and regular alcohols displayed rather different reactivity towards diaryliodonium salts. Conjugated alcohols are easily oxidized to the corresponding aldehydes/ketones or carboxylic acids, thus complicating the use of hypervalent iodine reagents, which are powerful oxidants.
A thorough optimization was performed with cinnamyl alcohol and diphenyliodonium triflate (1a), giving ether 2a in moderate yields using various bases and solvents (Table 1 , entries 1-5). Water in combination with the mild base NaOH are ideal for environmental purposes, and these conditions were thus optimized further. Pleasingly, 2a was obtained in 56% yield at 60 °C (entry 6). Further temperature increases were not fruitful, and ambient temperature was inefficient (entries 7-9). This document is the Accepted Manuscript version of a Published Work that appeared in final form in Organic Letters, copyright applies. The yield of 2a increased to 64% with 2 equivalents of base (entries 10-11), and the reaction could be performed at 50 °C for 3 h instead (entry 12). One hour reaction time was sufficient, and potassium or lithium hydroxide gave similar results (entries [13] [14] [15] [16] .
The addition of the radical trap 1,1-diphenylethylene (DPE) did not influence the reaction outcome (entry 17), indicating that neither products nor byproducts are formed via a radical pathway. 16 Diphenyliodonium tetrafluoroborate (1b) was as efficient as the triflate salt, whereas the corresponding tosylate salt 1c gave product 2a in 55%.
Symmetric and unsymmetric diaryliodonium salts are easily available, 17 and the arylation scope was subsequently investigated with salts 1 (Scheme 1). 18 Cinnamyl alcohol was chemoselectively arylated with nitrophenyl(phenyl)iodonium triflate (1d) to give 2b. This reaction was best performed at room temperature to avoid competitive arylation of the base (vide infra).
4-Trifluoromethylphenyl salt 1e was highly reactive, and delivered product 2c in high yield. The synthesis of bromo-substituted ether 2d further illustrates the functional group tolerance of the methodology. Alkylsubstituted salts reacted slower than unsubstituted or electron-withdrawing salts, and 2e was formed in moderate yield. The arylation of allyl alcohol required longer reaction time to give ether 2f, and geraniol proved to be a better substrate (2g). Even a sterically hindered, secondary alcohol could be arylated to yield 2h.
The arylation of benzylic alcohols was subsequently examined (Scheme 2). Benzyl alcohol was arylated in moderate to good yields with a variety of salts, to give products with electron-withdrawing, halide and alkyl substituents (3a-3e). Again, complete chemoselectivity was observed in arylations with 4-nitrophenyl salt 1d. The reactivity difference of salts 1d and 1a is illustrated by the higher yield of nitro product 3b compared to phenyl product 3a.
Electron-donating groups on the alcohol were tolerated (3f-3g), and even sterically hindered secondary and tertiary alcohols were arylated (3h-3i). Arylations with ortho-substituted iodonium salts were poor-yielding. The moderate arylation yields of allylic and benzylic alcohols are explained by competitive oxidation to the corresponding aldehydes/ketones and carboxylic acids, which could not be prevented with these oxidation-prone substrates.
Scheme 2. Arylation of benzylic alcohols
As mentioned above, reactions with nitro-substituted salt 1d were best performed at room temperature due to the increased reactivity of this salt. The main byproduct was found to be the symmetric di(4-nitrophenyl) ether 4a, which was formed by sequential arylation of the base and the resulting phenol. In the absence of alcohol, this background reaction provided diaryl ether 4a in 52% yield (Scheme 3). 20 Arylation of the base was not seen with the other salts. We have recently reported a high-yielding synthesis of diaryl ethers with diaryliodonium salts in THF or toluene.
11 Despite the efficiency of this transformation, the arylation conditions presented herein are preferable for environmental reasons. Phenols have previously been arylated in water under more forcing conditions, 21 and we were therefore keen to see the scope under our mild reaction conditions. Pleasingly, the arylation of phenols in water was efficient (Scheme 4). Good to excellent yields were obtained with various iodonium salts, tolerating both nitro-and halide substituents (4b-4e). The reaction proved insensitive to steric hindrance on both coupling partners (4f-4h). Phenols with electron-donating or withdrawing substituents were also arylated (4h, 4i).
Even diarylation of binaphthol, with substantial steric hindrance, was succesful and the product fell out as a solid during the reaction in almost quantitative yield (4j). We have previously investigated the chemoselectivity of phenol arylations with unsymmetric salts, and found them to follow the ortho-effect with sterically hindered salts.
11, 22 Under the current arylation conditions, the ortho-effect was dominant in reactions with phenol (Scheme 5a, 4k:4b), whereas 2,4-dimethylphenol gave a 1:1 mixture of 4l:4f in reactions with phenyl-(triisopropylphenyl)iodonium triflate (1f) (Scheme 5b). This illustrates the delicate balance between steric and electronic effects, as product 4g (Scheme 4) was formed in good yield from symmetric mesityl salt 1g despite the steric hindrance. The iodoarene that is formed in reactions with diaryliodonium salts could be recovered in 87-95% yield in arylations of both alcohols and phenols, and reused for synthesis of the diaryliodonium salt. 23 This facile recovery improves the atom economy and decreases the environmental impact further in large-scale reactions.
Regular aliphatic alcohols were poor substrates in this arylation, likely due to their higher pK a values, which makes deprotonation with NaOH difficult. The arylation of this substrate class is underway, and will be reported in due time.
In conclusion, the first arylation of activated aliphatic alcohols with diaryliodonium salts has been presented. The reaction is simple to perform, takes place in water under mild and metal-free conditions and does not require excess amounts of the coupling partners.
The yields are moderate to good, and the aryl scope is broader than in S N Ar or benzyne reactions. Aryl groups with electron-deficient, halide or alkyl substituents are efficiently transferred, while more electron-donating substituents are unsuitable.
Phenols are arylated in good to excellent yields with the same range of diaryliodonium salts, and sterically hindered substrates are well tolerated. Complete chemoselectivity was observed in reactions with unsymmetric salts having different electronic properties, whereas salts with ortho-substituents were less selective.
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